SUMMARY. Serum free tri-iodothyronine (FT J ) , using two different radioimmunoassays, and serum albumin, using bromocresol green dye-binding method, were measured prospectively in 1374 adults investigated for thyroid disease. The results of similar pairs of measurements in 6608 serum specimens obtained from adults, but using one of the radioimmunoassays for FT J , were examined retrospectively. A close correlation was observed between the FTJ values and serum albumin concentration. Normalisation of the FT J level using a standard albumin value of43 giL in the absence of chemical evidence of hypothyroidism (serum thyrotrophin < 6·5 mIU/L) gave a distribution ofFTJ values which closely resembled that from a normal population. The effects of acute illness and old age, which may lower the FTJ value, can be corrected by this transformation.
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A number of biochemical measurements, including serum total thyroxine (T 4 ) , total 3,5,3'-triiodothyronine (T J ) , thyrotrophin (TSH) and an estimate of serum thyroid hormone-binding capacity, e.g. thyroxine-binding globulin or TJ resin uptake of Tj, have been available in the last decade for the assessment of thyroid function.
Many forms of ill health may affect the observed circulating levels of thyroid hormones in a non-specific and complex manner.' The peripheral conversion of T, to T J is inhibited and the total serum T J concentration falls, usually with a reciprocal rise in the level of the inert metabolite 3,3',5'-tri-iodothyronine (reverse TJ).2 An additional possible contribution to the fall in total serum T J and T 4 , observed in severe nonthyroidal illness, may be a reduction in the concentrations of thyroid hormone-binding proteins. In such patients the most common findings are a lowered total T J and a normal TSH concentration with no clinical signs of hypothyroidism. The terms 'low-T,' and 'euthyroid-sick' syndromes have been introduced to describe this situation which is also seen during prolonged fasting, in stressful situations, and after the administration of glucocorticoids. J Techniques for estimating free thyroid hormone concentrations have until recently been cumbersome, and available in only a few specialist centres. This situation has changed with the introduction of commercial 'analogue' type radioimmunoassays. Though The availability of commercial techniques for the measurement of FT J has established the measurement of this fraction of the circulating hormone as an effective single test for detecting hyperthyroidism," and combined with the knowledge of the TSH concentration for monitoring patients receiving thyroxine replacement. 10 Evidence that the albumin concentration in the samples of serum used influences the results obtained by analogue radioimmunoassay methods for FT 48.11-IJ has led us to compare the relationship between serum albumin concentrations and the values for FT J obtained by two commercial analogue methods. In addition, the relationship between serum albumin and total T J was examined.
Patients and methods
Samples of serum submitted for thyroid function tests from 1374 adult patients over a period of 8 weeks were used for this study. Free T J was estimated by two separate methods using kits respectively from Amersham International, Cardiff, S Glamorgan, UK (Amerlex M FT J ) and Diagnosic Products, Wallingford, Surrey, UK (Coat-a-count). TSH and total T J were measured using kits from Amersham International (Amer- 
The distribution of these data is given in Fig. 2 , from which it is apparent that it is skewed towards the lower values. The asymmetry in the data is removed when the FT] results are normalised to an effective albumin concentration of 43 giL by applying a transform based on the above regression equation. This albumin value is the mode of values observed in patients presenting to Northwick Park Hospital (unpublished data).
The distribution of the FT] values in the 1072 serum samples with a normal TSH studied retrospectively is given in Fig. 3 together with the FT] distribution after normalisation to an albumin value of 43 g/L, The shape of the distribution of unnormalised data shows an abrupt discontinuity at an FT] value of 4·0 pmol/L, which is a consequence of the departmental policy referred to above. Nevertheless, normalisation of these data to an albumin value of 43 g/L removes this distortion and produces a symmetrically distributed population with a mean of 5·1 pmol/L, The 95% range of values for these data derived from standard normal plots ofcumulative percentiles is 2,9-8,3 pmol/L which is similar to the accepted range of 3·0-8·6 pmol/L based on data derived from normal adults provided by the manufacturer and confirmed by experience of the assay in use.
The relationship of the two commercial assays for FT] (FT]-M and Coat-a-count) is given in The relationship between total T J and albumin concentration was less striking (Fig. 5 ): Total T J nmol/l=0'046 x albumin g/L-O·6Q (correlation coefficient = 0,45).
Using the Deming technique for calculating regression," values were obtained which did not differ materially from those given above calculated by the conventional Pearson technique. For example:
This observation may reflect the smaller variance of the colorimetric procedure for measuring albumin compared with the variance of the radioimmunoassay methods.
The introduction in the last decade of relatively cheap radioimmunoassays for thyroid hormones which are technically easy to perform has allowed the investigation of a wider range of patients. There has been an increasing need to identify hypothyroidism which may not be clinically evident in the elderly, and in younger patients 
euthyroid patients with abnormal thyroid hormone binding. These values were confirmed by repeated assays and appear to be due to systematic and not random errors; they were excluded from the analysis of the data. The results from samples in which the FT J (Amerlex) was greater than 10·0 pmol/L the FT J (Coat-a-count) greater than 7·0 pmol/L, or the total T J greater than 3·0 nmol/L were also excluded from statistical analysis. Seventy-five pairs of results were discarded by this procedure. acutely or chronically iil. As thyroid hormone metabolism is altered in these circu-nstances, care is needed in the interpretation of some of the tests of thryoid function available for the differentiation of the 'euthyroid-sick' from primary hypothyroidism.
An effective diagnostic test should have a high sensitivity (true positive) with a high specificity (low false negative)." As the vast majority of low FT] estimations in hospital populations are associated with the 'Iow-FT]' or 'euthyroid-sick' syndromes, serum FT] as a test for hypothyroidism has a low specificity. We have attempted to improve the diagnostic efficiency of serum FT] by establishing its relationship to serum albumin in hospital patients. Serum albumin concentrations are known to fall in a variety conditions including serious illness's and pregnancy." The present study shows that the concentration of serum FT] is proportional to the serum albumin concentration; this relationship is less apparent for total T].
It is not clear whether the interrelation between free T] and albumin in plasma is a methodological artefact or the result of physiological changes in the concentration of thyroid hormone-binding proteins. Of relevance to this is the known overestimation of albumin by BCG methods. IS For our purpose this does not become of importance until the serum albumin falls below 25 g/L, as a linear relationship has been established between the methods in use within the range 25-50 giL of albumin.
It has been claimed that the Amerlex FT 4 method, which is also an 'analogue' method, is affected by the serum albumin concentration and that the Coat-a-count FT 4 method is not." Whilst we have no evidence to contribute on that particular issue, both the commercial analogue methods that we have used to measure FT] show similar correlations between FT] and serum albumin. Franklyn et a/.,19 using the Amerlex FT] method, have reported significant binding of the analogue tracer to albumin, but without detailed data regarding the avidity of the antiserum and albumin for the tracer it is not possible to establish whether it is an important factor in the assay.
Chopra et al, ' have claimed that 30% of the total T] pool is bound to albumin and that 10% of the albumin pool (ie 3% of the total T]) is available to the peripheral tissues. If this is the case it is likely that the physiological importance of the albumin-bound T] has been underestimated. Although the hypotheses which might explain the observed association described here can only be the subject of conjecture at present, we suggest that the clinical value of the measurement of serum FT] is enhanced at the lower end of the range of values observed in hospital patients by applying a simple transform based on the serum albumin concentration in the same sample, which is analogous to the transform for the measurement of serum calcium." The specificity of serum FT] measurement is increased by such a transform such that only 3% of tie values observed in euthyroid-sick patients fall oelow the reference range. simplifying the interpretation. Since the majority of samples submitted for thyroid function tests in many hospitals are likely to have a request for serum albumin at the same time, the increase in work in the laboratory would be minimal. Nevertheless, the final diagnosis of hypothyroidism will rest on the measurement of serum j~H as a single estimation or part of a dynamic response to thyrotrophin-releasing hormone (TRY I).
It is pcssible that the normalisation to a ste ldard serum albumin concentration would improve the specificity of the FT] measurement for patients with hyperthyroidism, but this was not possible to determine within the design of the investigation presented here.
